2005), the data from which is also archived by the GSC. We collected data from CNSN and 64 POLARIS stations in western and central Canada, corresponding to earthquakes of magnitude 65 greater than 6, at any distance from the receivers, whose propagation paths lay within 5° of the 66 paths between selected station pairs ( Figure 2 ). These pairs were selected to give consistent 67 coverage of western Canada, and do not include all possible station pairs, particularly in western 68
British Columbia where stations are more closely spaced than is appropriate for the intended 69 resolution of this study. The downloaded data were inspected for Rayleigh-wave signal quality 70 before use. The station responses were removed by conversion to displacement before further 71 analysis; all stations used are broad-band, with all but two stations (ILKN and VGZ) having 72 significant velocity response (at least 10% of the peak value) to periods of 200 s or longer. A plot 73 of instrument responses is provided as supplemental material. 74 Two-station surface-wave analysis is a widely-used technique with a long history 75 (beginning with Sato 1955) in which the change in waveform between two receiving stations is 76 measured. Under the assumption that the waveform change is determined entirely by the 77 structure along the great-circle path connecting the station pair, the waveform change may be 78 used to isolate structure between the receiving instruments, even in aseismic regions. Thus, two-79 determining the travel time of the signal envelope peak) or phase velocity (velocity of the phase 90 of a single frequency, measured by determining the phase shift over a given distance). As the 91 group velocity dispersion curve may be determined from the phase velocity, but not vice versa, 92 the phase velocity contains more information (see e.g. Stein and Wysession 2003) . 93 We measure phase-velocity dispersion curves using the cross-correlation technique of 94 Meier et al. (2004) ; an example is given in Figure 3 . Two vertical-component recordings of the 95 same event, at stations that lie within 5° of a common great-circle path to the source, are cross-96 correlated. The phase of the cross-correlation corresponds to the phase difference between the 97 two traces, with an ambiguity of 2ߨ݊ radians, where n is an integer. For a cross-correlation phase 98 of Φ measured between two stations separated by a distance x at angular frequency ω, the phase 99 velocity will be 100
Zaporozan et al., Surface-Wave Images of Western Canada, draft for resubmission 6 and therefore multiple velocities are compatible with the measurement, the possible solutions 101 being more closely spaced at higher frequencies. In practical use, the distance x is taken to be the 102 difference between the source-receiver distances for each station, to avoid biased measurements 103 for events not perfectly aligned with the two-station path. At sufficiently low frequency, there is 104 likely to be only one phase-velocity value that falls within a realistic range; thus, the approach of 105 Meier et al. (2004) is to begin at the longest period with significant coherent energy, and 106 continue the dispersion curve to higher frequencies while assuming that the curve is smooth (as 107 large jumps in phase velocity are unphysical). Multiple events were analysed for each station 108 pair, incorporating paths travelling in both possible directions, and the resulting set of dispersion 109 curves was averaged to obtain a single high-quality curve for each station pair. Two stages of 110 quality control were performed: on individual paths, events were included in the average only in 111 frequency bands that showed consistency with other events, and on the averaged curves, paths 112 were edited to exclude frequency bands with strong deviations (more than 5%) from the average 113 of all paths. 114 Figure 4 shows the complete set of dispersion curves obtained in this study, after quality 117 control was performed. A total of 105 curves was measured, at periods ranging from 16 to 333 s 118 depending on path length and data quality; generally speaking, longer periods were measurable 119 on longer paths and shorter periods on shorter paths. We do not, however, have high confidence 
Results

115
Dispersion curves 116
Tomographic resolution and maps 133
Under the assumption that two-station measurements represent averages along great-134 circle paths, the recovery of 2-D dispersion maps is a linear inverse problem (Montagner 1986). 135
We solved for a grid of phase velocities spaced 1° apart in latitude and 2° in longitude, with 136 smoothing and damping constraints; the correct regularization level was determined by the L-137 curve method (Parker 1994) . Each period was solved for independently, yielding maps from 30 138 to 160 s at 10 s intervals. 139
We performed lateral resolution tests using the path coverage for three relevant periods 140 that resolution is best at moderate periods (60-100 s). Given that our regularization is smoothing-148 based, larger-scale features than this will be recovered more accurately. 149
Final dispersion maps for the real data set are shown in Figure 7 . The Cordillera is low-150 velocity at all periods, with the edge of the low-velocity region corresponding closely to the 151 Cordillera/craton boundary at periods of 80 s and less. At longer periods, the edge is more 152 complex, with low velocities extending some distance into the craton north of 52°N. The 153
Cordilleran low-velocity region is truncated north of 65°N at all periods; its southern and 154 western boundaries are not imaged by this study. 155
East of the Cordillera, phase velocities are moderate to high (e.g. > 4.2 km/s at 80 s 156 period). At short periods, resolution does not extend much east of 110°W due to a lack of high-157 frequency measurements along the longer paths in the eastern portion of the model. At periods of 158 80 s and higher, the highest phase velocities detected are at the eastern edge of the resolved 159 region, ca. 95°W. Localized high-velocity zones are detected beneath Great Slave Lake (at the 160 southern tip of the Slave Province) and along the southern edge of the model ca. 110°W. 161
Depth inversion and cross-sections 162
Rayleigh-wave period is often used as a depth proxy in surface-wave studies due to the 163 increase in depth sensitivity with period; however, as any given velocity measurement is 164 sensitive to a large range of depths, phase velocities must be inverted in order to constrain 165 seismic velocity as a function of depth. The depth sensitivity of Rayleigh-wave phase velocities 166 is model-dependent, requiring a nonlinear depth inversion. 167
We inverted for depth using the widely-used Computer Programs in Seismology package 168 containing a large (300 m/s) perturbation from IASP91 was used to generate a dispersion curve, 178 using the same period sampling as the real data. The dispersion curve was then inverted (using 179 the same inversion parameters as the real data) to test recovery of the input. We find that low-180 velocity features are significantly smeared, but not missed; high-velocity features at relatively 181 shallow depth (above 150 km) are recovered, but produce a weaker low-velocity artefact below, 182 while deep high-velocity anomalies are poorly recovered. These effects are a consequence of the 183 non-linearity of surface-wave depth inversion, and will be less severe for weaker velocity 184
perturbations. 185
To generate cross-sections, we spatially interpolated phase velocities at 50 km intervals 186 from all dispersion maps, along five great-circle trajectories (Figure 9 ). The resulting dispersion 187 curves were then inverted to form 1-D S velocity models, as described above; the 1-D models 188 were concatenated to form a 2-D model along each transect. An example of this procedure is 189 given in Figure 10 , in which the series of dispersion curves is presented as a pseudosection (top 190 panel) and inverted to obtain a velocity model (presented in both relative and absolute velocity 191 terms). It is worth noting that the lack of short-period sampling in some areas affects the 192 D r a f t
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10 inversion; northeast of the 1100 km point along the transect, the shortest periods are not available 193 (due to longer two-station paths in this region) and the shallowest part of the model is not well 194 constrained. As a consequence, northeast of 1100 km, velocity anomalies appear weaker due to 195 upward smearing of structure into the poorly-sampled shallow depth range. We therefore expect 196 that mantle velocity anomalies will be somewhat underestimated in the more poorly-197 instrumented portions of the study area; this effect is most pronounced on the AA-AA' section 198 shown in Figure 10 . The main limitation on these results is the lack of resolution east of the Cordillera due to 301 a limited station network. New instruments currently deployed in the Northern Cordillera (Ma 302 and Audet 2017) will allow improvement of these images in the future, as will incorporation of 303 instrumentation in the United States. 304 
